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Exper imen t s  on guinea pigs and r a t s  showed that a f te r  adminis t ra t ion  of many  cytosta t ic  
agents  in doses  of LD25-LDs0 , toward the end of the per iod  of devasta t ion l a rge  hemohis t io -  
b las t s  of r e t i cu l a r  na ture  appear  in the bone m a r r o w  on the 6th-8th day, rap id ly  undergo 
different iat ion,  and turn into ce l l s  of the myeloid s e r i e s .  The beginning of r egenera t ion  of 
the myeloid  s e r i e s  coincides  in t ime with the end of the leukopenic phase  and an inc rease  
in the blood white cell  count. The beginning of r egenera t ion  of the e ry thro id  s e r i e s  is con- 
nected with the d i rec t  t r a n s f o r m a t i o n  of r e t i cu l a r  cel ls  into e r y t h r o - n o r m o b l a s t s .  

Invest igat ion of r egenera t ion  in the depopulated bone m a r r o w  of an imals  can shed light on the p r in -  
c iples  governing the r egenera t ion  of the hematopoie t ic  t i s sue  and its course  in pat ients  during t r ea tmen t  
and the compulso ry  withholding of cytos ta t ic  agents .  

EXPERIMENTAL 

Experiments were carried out on guinea pigs and rats (over 500 animals) in which changes in the 
blood and bone marrow picture were studied after administration of a single dose of various cytostatic 
agents (eyelophosphamide, imiphos, aziprin, asaline [N-(N-acetylsarcolysyl)-valine], careolysin [phenyl- 
alanine mustard], rubomycin, 6-mereaptopurine, 5-fluorouraefl, and ftorafur) ranging from LDs0 to LD 25. 
The blood and sternal bone marrow were investigated until the restoration of normal hematopoiesis. 
Films were stained with azure II-eosin, and at certain periods of the lesion they were also stained for 
lipids (the method of Sheenan and Storey), for peroxidaze (by the method of Sato and Sekia), and for poly- 
saeeharides (by the method of MeManus and Hotchkiss). The normal number of myelokaryocytes in the 
bone marrow of healthy guinea pigs was found to be (in thousands) 1102 • 44.2 (-~ a = 230) and in rats 
1253 • 24 (• = 176) per mm 2 sternal marrow (Fig. i). In order to analyze the changes in the myelograms 
the relative percentages of the individual groups of cells were converted into absolute numbers, so that the 
kinetics of the reticular cells and changes in the curves of the individual cell series could be identified. 

E X P E R I M E N T A L  R E S U L T S  

On the second day a f t e r  admin is t ra t ion  of many  of the cy tos ta t ics  in l a rge  doses ,  the number  of 
mye loka ryocy t e s  began to fall even before  the development  of leukopenia,  and giant hemohis t iob las t s  (up to 
27-30 # in d iameter )  and the i r  de r iva t ives  - giant neutrophi l ic  leukocytes  - appeared  in the bone mar ro w .  
I t  was  shown p rev ious ly  that the ~gigantism phenomenon" obse rved  during the f i r s t  2-3 days can be r e -  
garded as a sign of imminent  hypoplas ia  of the bone m a r r o w  [1-3]. 
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Fig. 1 Fig. 2 

Fig. 1. Bone marrow of healthy animals: a) guinea-pig marrow; two hemocytoblasts in the center; b) rat 
marrow: myeloblast in mitosis below the center, myelocyte above. 1400 • 

Fig. 2. Bone marrow of rat on 6th day after injection of asaline in dose of 187 mg/kg, a) Hemohistio- 
blasts, abnormal mitoses; b) another field, differentiation of hemohistioblasts into cells of myeloid series;  
two reticular cells on the right. 1400 • 

Toward the end of the per iod of depopulation, cor responding  to the 5th-Sth day a f te r  adminis t ra t ion  
of m a s s i v e  doses  of the cy tos ta t ics ,  the number  of mye loka ryoey te s  fell  to 200,000-100,000, and the bone 
m a r r o w  f i lms contained only r e t i cu l a r  cel ls  or  the i r  bare  nuclei ,  mac rophages ,  and a ce r ta in  number  of 
lymphocytes .  At the same  t ime ,  va r i ab l e  number s  (12-35%) of l a rge  b las t  ce l l s  of unusual type for  the 
aplas t ic  state began to appear :  the hemohis t iob las t s  which the w r i t e r s  p rev ious ly  called monocytoid ce l l s .  
These  ce l l s  at tained a d i a m e t e r  of up to 20-22 ~ ,  i .e. ,  they were  l a r g e r  than the hemocytob las t s  and mye lo -  
b las t s ,  whose mean d i ame te r  in healthy guinea pigs is 16.27 • 0.02p z-~ = 0.02#) and i n h e a l t h y r a t s  16.3 ~- 
0.11 ~ ( - ~  = 2.22). Thehemohi s t iob la s t swh ich  appeared  were  dist inguished by some degree  of a typ i sm,  ex-  
p r e s s e d  not only by the i r  l a r g e r  s ize ,  but a lso  by the i r  reduced nuc leocytop lasmic  ra t io ,  the po lymorph i sm 
of the i r  nucleus (round, oval ,  lobular) ,  and also the cons iderable  basophi l ia  (pyroninophilia) of the i r  cyto-  
p l a s m  and its f r eedom f r o m  granules .  Mitotic f igures  were  often found, mos t  commonly  abnormal  m e t a -  
phases  (Fig. 2a). At the e a r l i e s t  per iods  l ipids and perox idase  act ivi ty  were  absent  and only t r a c e s  of 
po lysaeeha r ides  we re  p resen t .  Starting f r o m  the f i r s t  day, however ,  f r o m  the moment  of the i r  appearance  
in some of the hemohis t iob las t s ,  sudanophilic and perox idase  granules  began to appear  in the pe r inuc l ea r  
zones and PAS-posi t ive  m a t e r i a l  accumulated.  Whereas  the number  of these  cel ls  init ial ly was  small  
(about 10%), a f te r  the second day up to 40-50% of the b las t  ce l l s  we re  cy tochemica l ly  act ive .  Rapid d i f fe r -  
entiation of the hemohis t iob las t s  into mye lob las t s  was  thus taking place .  As different ia t ion continued (into 
p r o - ,  mye lo - ,  and me tamye locy te  s) the n u m b e r  of pe rox idase  and sudanophilic granules  increased .  

Morphological  dif ferent ia t ion of the hemohis t iob las t s  was obse rved  pa ra l l e l  with the above changes;  
an oxyphflic pe r inuc l ea r  zone began to appear ,  a r e a s  of azurophi l ic  and neutrophil ic  granules  were  found, 
the chromat in  s t ruc tu re  of the nucleus became  c o a r s e r ,  and as  it ma tu red ,  p r o m y e l o c y t e s  and mye locy tes  
and ce l l s  r e semb l ing  me tamye locy t e s  and po lymorphonuc lea r  ce l l s  were  fo rmed  (Fig. 2b). Meanwhile, 
ma tu ra t ion  of the cy top lasm was delayed and in many  of the newly appear ing  giant f o r m s  of m e t a m y e l o -  
eytes  and po lymorphonuc lea r  neutrophi ls  a va r i ed  degree  of basophi l ia  of the cy top lasm was p re sen t .  
Quanti tat ive ana lys i s  of the m y e l o g r a m s  showed that  1-2 days f r o m  the t ime  of appearance  of the h e m o -  
h is t iob las t s  the curve  of imma tu re  myeloid  f o r m s  began to r i s e  sharp ly ,  and this was a lmos t  immedia te ly  
followed by a r i s e  in the curve  of po lymorphonuc lea r  neut rophi ls .  At the s ame  t ime the blood white cell  
count began to inc rease ;  many  of these  ce l l s  were  enlarged and contained r emnan t s  of basophil ie  cytoplasm.  
The initial phase  of r e c o v e r y  of mye lopoies i s  thus p roceeded  along the following l ines:  r e t i cu l a r  c e l l ~  
hemoh i s t iob la s t - -mye lob la s t - -p romye loey te - -mye locy te -*  m e t a m y e l o c y t e - - m a t u r e  granulocyte .  

So f a r  as the e ry thro id  s e r i e s  is concerned,  the beginning of its r egene ra t ion  was  obse rved  l e s s  f r e -  
quently before  the appearance  of the b las t  f o r m s  (exper iments  with cyclophosphamide) ,  but m o r e  f requent ly  
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1-2 days a f te r  the hemohis t iob las t s ,  although the l a t t e r  play no p a r t  in the fo rmat ion  of e ry thro id  eel ls .  
The initial  phenomena of e ry th ropo ie s i s  were  connected with the d i rec t  t r ans fo rma t ion  of r e t i cu l a r  cel ls  
into e r y t h r o - n o r m o b l a s t s ,  and the l a t t e r  to begin with could p r e s e r v e  the i r  connection with the group of 
r e t i cu l a r  cel ls  and also the r e t i c u l a r  t aper ing  of the i r  cy top lasm.  

It  can be concluded f r o m  the study of the dynamics  of inhibition of hemotopo ies i s  in the bone m a r r o w  
of guinea pigs and r a t s  and the initial s tages  of the course  of r egenera t ion  a f te r  admin is t ra t ion  of l a rge  
doses  of cytosta t ic  agents  that ce r t a in  genera l  p r inc ip les  can be detected which play a role  in the r e g e n e r a -  
tion of the myeloid  s e r i e s  and which a re  mani fes ted  af ter  the end of the per iod of depopulation. F i r s t ,  by 
the end of the f i r s t  week o r  beginning of the s e c o n d t h e r e  is an inc rease  in the absolute number  of r e t i cu l a r  
cel ls ,  some of which a re  l ibe ra ted  f r o m  the i r  syncytial  connections,  and giant b las t  cel ls  (hemohist io-  
blasts)  a re  fo rmed .  The la t t e r  a re  able to rapidly  d i f ferent ia te  into cel ls  of the myeloid s e r i e s .  A c o m -  
pa ra t ive  invest igat ion of the dynamics  of the blood and m a r r o w  p ic tu res  shows conclusively  that in many  
ca se s  mye lopo ies i s  is ef fec t ive ,  for  the leukopenic phase  ends and the curve  of the blood white cell  count 
begins to r i s e .  

The w r i t e r s  suggest  that the p r inc ip les  desc r ibed  above at the beginning of r egenera t ion  may  also 
apply in pat ients  during t r e a t m e n t  with an t i tumor  compounds if ma rked  hypoplas ia  of the hematopoie t ic  
t i s sue  develops.  If this hypothesis  is conf i rmed,  it will have to be borne in mind that the l a rge  b las t  ce l l s  
which m a y  appear  in the depopulated bone m a r r o w  of pa t ien ts  with hemob la s to se s  at the beginning of the 
r e c o v e r y  per iod  mus t  not be r ega rded  as r emnan t s  of anaplas t ic  ce l l s  of the leukemic  clone. 
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